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Abstract 
Increasing experience of periods of impaired visibility is assumed to be due to increased air pollution in 
Kathmandu valley. It is observed that the number of clear days in Kathmandu Valley is decreasing since the past 
two decades. In Nepal, very few studies have focused on the status of visibility in Kathmandu Valley. This study 
tries to find a linkage between Visibility, Particulate matter 10 (PM10) and Meteorological parameters in the 
Kathmandu valley.  
In this study we have considered daily 24-hour average PM10 concentration recorded in six air monitoring 
site in Kathmandu Valley as the PM10 concentration of Kathmandu Valley. The duration of the PM10 data ranges 
from 2003 to 2005. Similarly, meteorological data were obtained from the weather monitoring station of the 
Department of Hydrology and Meteorology located at Tribhuvan International Airport (TIA) for the period 2003 
to 2005. For better representation of the influence of PM10 and meteorological parameters, only those days were 
considered with data from 6 air monitoring sites, and meteorological data from the weather station. 
The trend in the mean visibility is increasing as we go from 2003 to 2005 i.e. 7.5467 km to 8.1267 km 
respectively. The mean visibility is highest in monsoon 8.6131 km, which decreases with post monsoon 7.8781 
km, pre monsoon 7.0356 km and winter 6.5363 km respectively in a descending order. The Chi-square test of 
independence at 0.05 level of significance, reveled that mean visibility in the Kathmandu Valley depends on the 
different seasons of Kathmandu Valley. In the case, of variation of visibility, with the time of the day, it was found 
to increase gradually with the commencement of day peaking at 2:45 P.M and declining with the onset of night. 
Irrespective of season, it is observed that as the day progresses the temperature increases, the wind becomes 
turbulent, humidity decreases and foggy weather disappears. This might be the reason for highest visibility during 
the noon time. The analysis of variance of mean visibility with different time of the day shows that the mean 
visibility was found to differ significantly with the different time of the day. Meteorological parameters like 
temperature (minimum and maximum), rainfall, wind speed, pressure, total cloud and humidity were also found to 
affect mean visibility. 
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Introduction 
Besides, the unequivocal admission of health effects of 
increasing air pollution levels in Kathmandu Valley, 
increasing experience of periods of impaired visibility is also 
assumed to be due to increased air pollution. It is observed 
that the number of clear days in Kathmandu Valley is 
decreasing since the past two decades. Aesthetically, for the 
resident of the Valley, such impaired visibility and 
appearance of haze, is perhaps the most obvious adverse 
effect of air pollution. 
Visibility impairment is perhaps one of the most well 
understood effects of air pollution, occurring when particles 
and gases in the atmosphere scatter and absorb light. 
Generally fine particles from anthropogenic sources are 
commonly responsible for visibility impairment. Through 
complex chemical reactions, gases react to form such fine 
particles, e.g. sulphur dioxide reacts to form ammonium 
sulphate, nitrogen oxides react to form ammonium nitrate 
and hydrocarbon gases can convert into carbon particles. 
Some of these particles are hygroscopic in nature, and 
absorbing water enhances their ability to impair visibility. 
Hence, when relative humidity is high, the visibility 
impairment capability of certain particles such as sulphates 
increases. Correspondingly, Visibility is a good and simple 
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indicator for air quality. Increase in the amount of fine 
particulate and gases in the atmosphere are associated with 
reductions in the ability of the human eye to see through the 
atmosphere or identify an object at a distance. Commonly 
applied measurement of visibility degradation is visual range 
in miles or km, (higher values mean better visibility). It can 
be measured easily even without aid of any instruments.  
Numerous studies carried out all over the world have 
given ample evidence that visibility impairment is largely 
due to the light scattering of ambient aerosols for which 
concentrations are governed by meteorological conditions 
and the emission source strength.  Visibility impairment, 
which results from the scattering and absorption of light by 
particles and gases in the atmosphere, is considered as a 
direct effect of air pollution. Many have shown correlation 
between meteorological parameters, particulate matters and 
visibility. In Nepal, very few studies have focused on 
visibility in Kathmandu Valley. This study examines the 
influence of meteorological parameters such as, maximum 
and minimum temperature, rainfall, relative humidity, 
atmospheric pressure, total cloud coverage, wind speed, 
wind direction and PM10 concentration on visibility. 
 
Materials and Methods  
Study area 
KathmanduValley 
Kathmandu Valley is an oval shaped, flat bottomed basin 
which occupies about 351 square kilometer. It is about 
1300m above mean sea level and is surrounded by high hill 
range whose altitude from the valley floor varies from 500m 
to 1400m. The cross section of the oval structure of the 
Kathmandu Valley extends 20 km from north to south and 
30 km from east to west. Kathmandu Valley is influenced by 
monsoon. The general pattern is characterized by a windy 
hot and humid climate in March to May, followed by a 
well-defined monsoon is approximately from June to the 
middle of September. About 82 per cent of the rain falls 
during the period of monsoon. So, the remainder of the year 
is dry with cold winter in December, January and February. 
Autumn is the most pleasant season with the pleasant 
temperatures and occasional short bursts of rain; winter 
temperatures drop to freezing with a high level of snowfall 
in the mountains. Wind is ordinarily light throughout the 
year, but there is a strong wind in and around the March to 
May. Major part of the winds blowing over the valley is 
southwesterly and northwesterly. Wind speed lies in the 
range of 0.5-7.5 m/s. The relative humidity reaches more 
than 80 % during rainy season but decreases to about 50 % 
during dry season. Fog is common in the morning during the 
months of October to February. A high altitudinal variation 
with extreme diurnal radiation leads to a potentially strong 
cooling system in the night and a warming in the day. 
During the dry season, cooling in the morning and late 
afternoon causes the formation of deep inversion layers. 
When the inversion layer is deep enough, insulation may not 
break through the inversion. Due to topographical specificity, 
once the pollutants have entered into the valley, they cannot 
easily escape and may remain into the atmosphere for 
extended period of time. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 : Geographic View of Kathmandu Valley 
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Figure 2: Air Quality Stations at Kathmandu Valley 
 
Monitoring Sites 
Air Quality Monitoring Sites  
In Kathmandu Valley daily 24-hour continuous air 
monitoring is carried out at six permanent sampling stations, 
namely urban roadside station, (urban traffic place, 
Putalisadak and urban hospital place, Patan Hospital), urban 
residential station, (city core residential place, Thamel), 
urban background station (Tribhuvan University, and 
Bhaktapur) and valley background station (Matsyagaon).  
The air monitoring stations thus were located in all 
directions and represented all predominant urban areas 
associated with high, medium and low human activities 
(Figure-1). This was done as to get a better spatial 
representation of the valley. 
 
Air Monitoring Instrument for PM10  
In these stations particulate matter concentration is 
monitored by standard method on daily basis. A Low 
Volume Sample (LVS) for PM10 and PM2.5 without 
pneumatic movement of filters is used. The PM10/PM2.5 
sampler was type M/S Instrumatic, Denmark, Model 85-02, 
designed according to the EN12341 standard.  
 
Meteorological data  
Meteorological data recorded by weather monitoring 
station at Tribhuvan International Airport (TIA), was used 
for the study. TIA is the only monitoring station in 
Kathmandu Valley that measures visibility together with 
meteorological variables including wind direction, wind 
speed, temperature, relative humidity, cloud cover, 
atmospheric pressure and precipitation. 
 
Visibility 
Visibility is an observational data. TIA station has 
developed a map of Kathmandu valley with overlaying 
concentric circles starting with a 500 meters radius, covering 
the total area of Kathmandu valley. With an increase of 500 
meter, a concentric circle is present with a reference point 
place. The center of all circles is TIA station. In the case of 
visibility distance falling between the circles, approximation 
is done. The unit of visibility is Km. 
 
Data 
PM10 and meteorological data were obtained for the 
period of 2003 to 2005. For better representation of the 
influence of PM10 and meteorological parameters, only those 
days were considered with data from all 6 air monitoring 
sites, and meteorological data from the weather station. The 
main computational tools used were Microsoft Excel and 
statistical tool, SPSS. Means, standard deviations, 
correlation analysis, regression, Chi- Square and ANOVA 
test were done to show the statistical significance of the 
differences. To study nature of distribution of visibility, 
probability distribution curve was plotted using Best Fit tool.   
 
Results 
Temporal Variation of Visibility  
Mean visibility was found increasing from 2003 (7.5467 
km) to 2005 (8.1267 km) (Table: 1). 
BHAKTAPUR 
MATSYAGAON 
THAMEL 
PATAN HOSPITAL 
PUTALI SADAK 
TRIBHUVAN 
UNIVERSITY 
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Table 1: Mean, Standard Deviation, Maximum and Minimum value, and Range 
Year N Mean 
(km) 
Std. Deviation Minimum
(km) 
Maximum 
(km) 
Range 
(km) 
2003 305 7.5467 1.4428 3.66 12.53 8.87 
2004 366 7.2667 1.4964 3.24 10.89 7.64 
2005 347 8.1267 1.7909 2.25 12.13 9.88 
Total 1018 7.6437 1.6281 2.25 12.53 10.28 
 
Table 2: Seasonal Variation of Visibility in Kathmandu Valley 
Season N Mean 
(km) 
Std. Deviation Minimum
(km) 
Maximum 
(km) 
Range 
(km) 
Pre-monsoon 276 7.0356 1.4310 3.56 11.75 8.19 
Monsoon 366 8.6131 1.1340 5.44 12.53 7.08 
Post-monsoon 171 7.8781 1.6896 4.12 12.13 8.01 
Winter 205 6.5363 1.5198 2.25 11.38 9.13 
Total 1018 7.6437 1.6281 2.25 12.53 10.28 
 
It was recorded highest in monsoon (8.6131 km), 
followed by post monsoon (7.8781 km), pre monsoon 
(7.0356 km) and winter (6.5363 km) respectively. It can be 
inferred that different season has an effect on the mean 
visibility in Kathmandu Valley. Monsoon season is recorded 
with highest rainfall and with the lowest value of PM10 as 
well. Winter season is observed to have the lowest rainfall, 
more fog, effect of inversion layer and highest PM10 value 
might be the reason for the lowest mean visibility. Mean 
visibility in the Kathmandu Valley was dependent on 
different seasons and differ significantly in different seasons. 
Mean visibility in the Kathmandu Valley was better in the 
month of June (8.328 km) to October (8.5325 km). The 
highest mean visibility was in the month of September 
(8.7559 km) and lowest in the month of January (5.7753 
km).  Mean visibility was dependent on different months 
and differ significantly within the months.  
Mean visibility was found to be more in Dashain and 
Tihar (long festival)period (8.59kms), whereas it was lowest, 
(7.65 km) during working days. This might be due to the 
decrease in PM10 concentrations by reduced vehicular 
movement during this time. It was to differ significantly with 
the different days. Visibility was found to increase gradually 
with the commencement of day peaking at 2:45 P.M and 
declining with the onset of night. Irrespective of season, it is 
observed that as the day progresses the temperature 
increases, the wind becomes turbulent, humidity decreases 
and foggy weather disappears. Mean visibility was found to 
differ significantly with the different time of the day. 
 
Influence of Meteorological Parameters on Visibility 
In Kathmandu valley, average visibility was found 
maximum in maximum air temperature range of 32oC and 
above, and the visibility was lowest at the temperature range 
below 16 oC   This trend was evident in every season. With 
the minimum temperature, maximum mean visibility of 
8.6691 km was observed in the range of 20-25oC, and the 
mean visibility reaches to a minimum of 6.3497 km when 
the temperature reaches the lowest range of -0.5oC.  
Wash out effect of particulates by rainfall is also evident 
with the visibility change during rainy and non-rainy periods. 
It is observed that the mean visibility is higher during the 
period of rain compared to period of no rain. However, 
during the rainfall period, the visibility is highest in rainfall 
range of (10mm - 30mm). Mean visibility was at lowest 
with relative humidity 40-60% (6.711 km) and as the 
relative humidity grows to 80% and above range, the mean 
visibility reaches the maximum of 7.6968 km. The amount 
of relative humidity in the atmosphere is found dependent on 
rainfall. Therefore, it can be implied that increase in 
humidity means increase in rainfall and which directly 
increase the visibility. With atmospheric pressure, the data 
shows inverse relationship with the visibility. Though, the 
trend in the data is not as clear, but the general trend seems to 
show that the increase in pressure causes lowering of 
visibility. Such inverse relationship may be due to fact that 
that as the pressure goes up, the atmosphere becomes a 
stable one, which characterizes low or no wind and rainfall. 
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Table 2: Average concentration values determined within selected ranges of temperature, precipitation, 
atmospheric pressure, wind speed and relative humidity in Kathmandu Valley 
 
Wind Speed 
(m/s) 
N Mean 
No wind 43 7.1309 
0-2 970 7.6595 
2-3 5 9.0000 
Total 1018 7.6437 
Tmax 
(0C) 
N Mean  
Vis.(kms) 
Tmin 
(0C) 
N Mean  
Vis.(kms) 
Rain 
(mm) 
N Mean 
Vis.(kms)
AP 
(mmhg)
N Mean  
Vis.(kms)
Total cloud
(OKTA) 
N Mean  
Vis.(kms) 
RH 
(%) 
N Mean 
PM10 
< 11 2 5.7049 -0.5-1 8 6.3497 No rain 624 7.3017 <855.0 6 7.3417 Clear sky 2 3.7188 40.00-
60.00
24 6.7118
11-16 8 4.4100 1-5 119 6.5958 0.001- 
10.0 
259 8.2877 855.0-
860.0 
143 8.3884 0-2 186 7.5213 60.00-
80.00
362 7.6129
16-20 81 6.0264 5-10 200 6.9683 10.0- 
20.0 
61 8.1434 860.0-
865.0 
319 8.0686 2-4 281 7.1715 ≥80 632 7.6968
20-24 194 6.9657 10-15 216 7.2794 20.0- 
30.0 
36 8.0479 865.0-
870.0 
412 7.2479 4-6 283 7.8032    
24-28 306 7.7119 15-20 256 8.1294 30.0- 
40.0 
19 7.5695 870.0-
875.0 
136 7.0587 6-8 262 8.1102    
28-32 393 8.2576 20-25 219 8.6691 40.0- 
50.0 
6 7.6394 ≥875.0 2 8.8750 ≥8 a 4 6.6406    
≥32 34 8.5320    ≥50  13 7.8795          
 
 
sixteen compass point directions for the period 2005 indicate 
that the highest mean visibility in Kathmandu Valley was 
associated with wind direction NNE (11.5 Km). However, 
considering different seasons, highest mean visibility was 
associated with wind direction NNE, SSE, WSW and WNW 
in pre-monsoon, monsoon, post-monsoon and winter 
respectively. 
The relation of visibility with cloud cover elucidate that 
maximum mean visibility of 8.1102 kms is seen with high 
total cloud range of 6-8 OKTA; where as the minimum 
mean visibility of 3.7188 kms is seen when there is clear sky. 
The overall trend, however, depicts direct effect of cloud 
cover on visibility. 
Maximum mean visibility (9.0000 km) was seen with the 
highest wind speed range of 2-3 m/s; where as the minimum 
mean visibility (7.1309 km) is seen when there is no wind. 
This means that wind helps in increasing the visibility, and 
this is due to the ability of high speed wind to blow away the 
particles. 
Similarly in Kathmandu Valley lowest mean visibility was 
associated with the wind direction North, ENE, SSE and 
ENE respectively in pre-monsoon, monsoon, post-monsoon 
and winter. 
In general, the visibility in the Kathmandu Valley 
depends on the ambient air temperature, precipitation, 
atmospheric pressure, wind speed, relative humidity and 
predominant wind direction and differs significantly with 
these parameters. 
It was found that wind blows mainly from two directions; 
west and south of the Kathmandu Valley. Irrespective of the 
season westerly and southerly wind was predominant. 
However, during the monsoon easterly wind and in winter 
northwesterly  wind  were  in  account.  Wind  direction in   
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Figure 3: Prevailing wind directions in different seasons and corresponding visibility in Kathmandu Valley 
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Table: 3. 24 hour PM 10 data from monitoring stations of Kathmandu valley.  
PM10 (g/m3) N Mean Std. 
Deviation 
Minimum Maximum Range
Good (0 -60) 96 8.2378 1.1471 5.44 11.63 6.18 
Moderate (60-120) 406 8.6414 1.2333 4.94 12.53 7.58 
Unhealthy (120-350) 514 6.7638 1.4447 3.24 11.63 8.38 
Very Unhealthy (350- 425 ) 2 2.7688 .7336 2.25 3.29 1.04 
Total 1018 7.6437 1.6281 2.25 12.53 10.28
 
Influence of PM10 on Visibility 
Government of Nepal has categorized five different types 
of air quality based on levels of PM10.  The categories 
prescribed are range 0-60 g/m3 as “Good”, 60-120 g/m3 
as “Moderate”, 121-350 g/m3 as “Unhealthy”, 351- 425 
g/m3 as “Very Unhealthy”, and >425 g/m3 as “Hazardous”. 
In this study the same categories have been maintained for 
the purposes of interpretation statistical analysis.  
Table: 3 shows that the mean visibility increases with 
decrease in PM10 concentration. The mean visibility is 
highest i.e. 8.6414 km between 0-120 (g/m3) of PM10 
concentration and low i.e. 2.7688 km in highest 
concentration of 351-425 (g/m3) of PM10. Increase in PM10 
density in the atmosphere results in the increased scattering 
of light, reducing visibility thereby. Mean visibility in the 
Kathmandu Valley depends on the PM 10 concentrations and 
it was found to differ significantly with PM10 concentration. 
Mean visibility varies significantly with the change of 
PM10, and also with the change of  wind speed, barometer 
pressure, total cloud, temperature ( maximum and 
minimum), humidity, year, month and season. However, the 
change in the day of the week was found not significantly 
affecting the visibility. From this analysis, it can be inferred 
that PM10 is not the only factor determining visibility. It can 
be implied that while relating PM10 with the visibility, the 
above meteorological factors play a significant role and must 
be considered for analysis. 
 
Correlation Analysis 
Table 4 depicts the correlation of visibility and different 
meteorological parameter during the study period. 
Visibility in the valley has positive relationship with 
maximum temperature, minimum temperature, rainfall, 
wind velocity and total cloud. This implies that as the 
visibility increases, the maximum temperature, minimum 
temperature, rainfall, wind speed, and total cloud are higher 
and vice versa. However, the Pearson’s coefficient is 
relatively strong with maximum and minimum temperature.  
However, visibility in the valley has negative relationship 
with atmospheric pressure and PM10. As the atmospheric 
pressure and PM10 increases visibility in Kathmandu Valley 
decreases and vice versa. R-square value of -.606, signifies a 
strong relation of PM10 with visibility.  
 
 
Table 4: Pearson’s Coefficient of Correlation between Visibility with 
Selected Meteorological Parameter and PM10 
 
MAX. 
TEMP. RAINFALL HUMIDITY
ATMOSPHERIC 
PRESSURE 
WIND 
VELO. 
TOTAL 
CLOUD 
MIN 
TEM 
PM10 
Pearson 
Correlation 
.453** 
 
.081* 
 
.018 
 
-.262** 
 
.066* 
 
.177** 
 
.446* -.606** 
 
Sig. 
(2-tailed) 
.000 
 
.010 
 
.561 
 
.000 
 
.035 
 
.177 
 
.000 .000 
 Visibility 
N 
 
1018 1018 1018 1018 1018 1018 1018 1018 
** Correlation is significant at the 0.01 level (2 -tailed) 
Table 5: Pearson’s coefficient of correlation between Visibility in Kathmandu Valley and 
selected meteorological parameter in different seasons 
 
MAX. 
TEMP. RAINFALL HUMIDITY
ATMOSPHERIC 
PRESSURE 
WIND 
VELO. 
TOTAL 
CLOUD 
MIN 
TEM 
PM10 
Pearson 
Correlation 
.070 
 
.081* 
 
.018 
 
-.262** 
 
.066* 
 
.177** 
 
.446* -.606** 
 
Sig. 
(2-tailed) 
.000 
 
.010 
 
.561 
 
.000 
 
.035 
 
.177 
 
.000 .000 
 Visibility 
N 
 
1018 1018 1018 1018 1018 1018 1018 1018 
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Regression Analysis Probability Distribution 
Considering that the mean visibility in Kathmandu Valley 
depends on maximum temperature, minimum temperature, 
rainfall, relative humidity, atmospheric pressure, wind speed, 
total cloud coverage and the PM10 concentration linear 
regression analysis was done. Regression analysis is found 
to be significant at 0.05 level of significance. It was also 
observed that except rainfall and wind speed, other 
meteorological parameters are found to be significant 
predictor of visibility. Further it was observed that R2 value 
is 0.563 i.e. 56.3% of variation in dependent variable has 
been explained by independent variable.  
The frequency distribution of visibility is useful in 
understanding the statistical characteristics of air quality. In 
Kathmandu Valley the visibility data follows the Weibull 
probability distribution. The probability graph shows that the 
mean visibility lie in the range of 4.73 km to 10.21 km with 
90% confidence interval. Maximum number of observations 
was found between 7 to 9 kms, with a probability of around 
0.25.   
 
 
 
 
Table 6: Regression Coefficient 
Un-standardized 
Coefficients 
Standardized 
Coefficients 
 
 
B 
Std. 
Error
Beta 
T Sig. 
(Constant) 45.464 8.764  5.188 0.0000
Maximum Temperature 0.07 0.023 0.177 3.009 0.003 
Minimum Temperature 0.004 0.02 0.015 0.191 0.849 
Rainfall -0.012 0.004 -0.081 -3.479 0.001 
Humidity -0.065 0.008 -0.313 -8.251 0.0000
Atmospheric Pressure -0.036 0.01 -0.097 -3.554 0.0000
Wind Speed -0.213 0.111 -0.05 -1.918 0.055 
Total Cloud -0.129 0.034 -0.165 -3.735 0.0000
Average PM10  -0.024 0.001 -0.818 -26.89 0.0000
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4: Frequency distribution of visibility in Kathmandu valley. 
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Conclusions 
1. Monsoon season was found to have the highest 
visibility with winter having the lowest of all.  
2. The mean visibility in the Kathmandu valley is 
better in the month of June 8.328 km to October 
8.5325 km as compared with other months. 
Visibility was less during January (5.7753 km).  
3. Mean visibility was found increased during the 
non-working days long festival time (Dashain and 
Tihar) than that of working days and week end 
days.  Within a day, It was observed that the 
visibility increase gradually with the day which 
peaks at 2:45 P.M and declines with the onset of 
night.  
4. Mean visibility was found dependent with different 
year, different seasons, and in different months.  
5. Meteorological parameters like temperature 
(minimum and maximum), rainfall, wind speed, 
pressure, total cloud and humidity were found to 
affect mean visibility. Mean visibility is dependent 
on the above parameters. Change in temperature 
(minimum and maximum), rainfall, wind speed, 
pressure, total cloud and humidity changes the 
mean value of visibility. Visibility in the valley has 
positive relationship with maximum temperature, 
minimum temperature, Rainfall, wind velocity and 
Total cloud. The analysis of visibility with the wind 
direction for the year 2005 shows the highest mean 
visibility in Kathmandu Valley was associated with 
wind direction NNE.  
6. PM10 concentration was found to affect mean 
visibility and is dependent on PM10. Mean 
visibility varies significantly with the change of 
PM10, and also with the change of meteorological 
parameter.  
7. Visibility in the valley has negative relationship 
with atmospheric pressure and PM10.   Except 
rainfall and wind speed, other meteorological 
parameters are found to be significant predictor of 
visibility. The probability distribution of the 
visibility was found to follow the Weibull’s 
distribution, where maximum observed value lie in 
the range of 7-8 kms. This implies that maximum 
number of day in Kathmandu has the 
corresponding visibility range. 
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